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ABSTRACT

In a dataset consisting of long-period waveforms (5-20 s) and differential travel times of S, ScS, and the arrival from the
D” layer, Scd, evidence is found for a laterally varying shear wave velocity (V) discontinuity at the base of the mantle. Two
different localized D” regions beneath the central Pacific have been investigated. Predictions from a model having a Vg
discontinuity 180 km above the core~mantle boundary (CMB) agree well with observations for an eastern mid-Pacific CMB
region. This thickness differs from Vg discontinuity thicknesses found in other regions, which average near 280 km. The data
presented here from a western mid-Pacific CMB region are more complicated, and are difficult to fit with a one-dimensional
(1-D) structure. Some of the data from the western region show evidence for a thicker D” layer (approximately 280 km),
though this finding is poorly constrained. Our data do not resolve the ‘sharpness’ of the Vs jump at the top of D”, i.e. the
depth range over which the Vg increase occurs, and in fact may be modeled equally well by a lower mantle with the increase
in Vg at the top of D” occurring over a 100 km depth range. The Scd-S and ScS-S differential travel times were corrected
for a published 3-D mantle model, to study upper and middle mantle heterogeneity effects on these times.

1. Introduction

Direct forward modeling as well as tomo-
graphic inversion results have indicated that the
velocity structure of the lowermost 100-300 km
of the mantle (the D” region) beneath the central
Pacific is very anomalous in comparison to global
Earth averages (see, for example, Dziewonski,
1984; Hager et al., 1985; Dziewonski and Wood-
house, 1987; Giardini et al., 1987; Tanimoto, 1990;
Woodward and Masters, 1991; Li et al., 1991; Su
et al., 1992; Garnero and Helmberger, 1993). In
these studies, the central Pacific D” region is
characterized by having slower than average seis-
mic velocities with bordering regions that are
faster than average. Such patterns have important
implications for the temperature distribution, and
therefore, convection patterns in the lower man-
tle. Constraining the details of the D” structure
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in these regions, such as the possible existence of
a shear wave Vg discontinuity, will have relevance
to any mid-Pacific convection model (e.g. Sleep,
1988; Olsen and Kincaid, 1991).

We utilize waveforms of direct S and core-
reflected ScS seismic phases, along with observa-
tions of an arrival intermediate in time to S and
ScS, termed Scd by Lay and Helmberger (1983).
The raypath of Scd is very similar to ScS except
that it bottoms above the core—mantle boundary
(CMB) within the D” layer. The timing and am-
plitude of the Scd arrival have been used in
detailed modeling studies of V structure for
many different D” regions (e.g. Lay and Helm-
berger, 1983; Young and Lay, 1987, 1990; Weber
and Davis, 1990; Gaherty and Lay, 1992). Figure
1 shows regions where D” discontinuities in ¥
have been proposed in past studies, along with
the proposed V structures. Also presented in
Fig. 1 are the two localized central Pacific regions
investigated in this study. The details of the mod-
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els differ, such as depth of discontinuity and
velocity gradients, indicating the degree of lateral
heterogeneity encountered in the lower mantle.

The primary purpose of this paper is to pre-
sent preliminary evidence for a Vg discontinuity
in D” beneath the central Pacific. The data for
the more easterly patch in Fig. 1 are interpreted
to suggest an average Vg structure having a dis-
continuity around 180 km above the CMB. This
D" layer is much thinner than structures pre-
sented in other areas (e.g. 250-320 km thick,
averaging around 280 km thick; see Fig. 1). The
data for the more westerly CMB region behave
less uniformly, but give tentative evidence for a
D” layer having a more conventional thickness,
possible around 280 km. These observations are
discussed in more detail in following sections.

In a previous study, Garnero et al. (1988)
proposed a lower mantle model beneath the Pa-
cific whereby a Vg discontinuity in regions bor-
dering the Pacific “fades away” to no discontinu-
ity in the mid-Pacific (model SGHE, Fig. 1). This
was based on anomalously large S—-SKS times
which were interpreted as being due to anoma-
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lously slow S waves, along with a lack of wave-
form evidence at 92° for a discontinuity arrival
that has been observed in other D” discontinuity
studies (e.g. Lay and Helmberger, 1983; Young
and Lay, 1987; Gaherty and Lay, 1992). For these
reasons, Garnero et al. (1988) favored a central
Pacific D” region not having a V discontinuity.
The large S-SKS times of Garnero et al. (1988),
however, can be explained even if a D" disconti-
nuity exists. The large travel-time anomalies may
be due to lateral changes in mantle velocity such
as those derived from tomographic studies. Also,
the absence of a double arrival at 92° can be
produced by a model with a thin D” discontinu-

- ity, which in turn delays the triplication normally

seen at 92° to a larger distance, such as 98° for a
D” discontinuity 180 km above the CMB. (Such
affects were explored by Lay and Young (1991)
for the SYLO region beneath Alaska, Fig. 1.)
This 98° double arrival can be further affected,
and reduced to a single arrival, by smearing the
step increase in Vg at the top of the D” fast layer
over a 50-100 km depth range. Observations of
anomalously slow mid-Pacific S times and the
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Fig. 1. Map of the world showing regions of D” where Vg discontinuities have been proposed. The two small regions in the central
Pacific are investigated here. The hatched regions are labeled with the name of the model derived for that region. The Vs profiles

for these models are plotted on the right.
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non-existence of the Scd arrival at 92° can thus be
reconciled with a model containing a D” disconti-
nuity.

2. One-dimensional (1-D) synthetics

The approach taken here is to compare syn-
thetic seismograms to observations in a forward
modeling process. Particular attention is given to
SH motions, since reflection coefficients for ScS
and Scd are the largest for this type of motion,
making it ideal to investigate deep mantle discon-
tinuities. Some SV records were analyzed, though
our data selection has been biased to gather
SH-rich events for our source—receiver geome-
tries in an effort to facilitate investigating V
discontinuity structure in D”.

Figure 2 shows the SH predictions of four
models for a source depth of 500 km: models
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PREM (Dziewonski and Anderson, 1981), SYL1
(Young and Lay, 1987), and two new models
having a thinner D” layer, SGHP and SGRD.
PREM was chosen to represent structures not
having a V discontinuity in D”. SYL1 is utilized
to represent a D” having a commonly found
thickness of around 280 km. Model SGHP is
similar to SYL1 with the notable exception being
the reduced thickness of the D” layer (180 km).
The fourth model SGRD is similar to SGHP
except the increase in Vg at the top of D” in
SGRD is distributed over a 100 km gradient
transition zone. The generalized ray method was
used (see Helmberger, 1983) to produce the syn-.
thetics, which were then convolved with the
long-period (LP) World Wide Seismographic Sta-
tion Network (WWSSN) instrument response.
Most of the data analyzed in this study are LP
WWSSN, so particular attention will be focused
on the LP synthetics. As originally pointed out by
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Fig. 2. SH component long-period WWSSN generalized ray synthetics for PREM (Dziewonski and Anderson, 1981), SYL1 (Young
and Lay, 1987) and SGHP (this study). The presence of a thinner D” discontinuity delays the arrival time of Scd as seen in the

SGHP synthetics compared with SYL1.
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Lay and Helmberger (1983) (and subsequent
studies as well), a 2.7% Vy increase approxi-
mately 270 km above the CMB produces an ar-
rival between S and ScS in the 70-84° distance
range, as well as an observable double arrival
near 92°. These effects can be seen in the SYL1
predictions of Fig. 2. The SGHP predictions dif-
fer from the SYL1 predictions most notably in
the timing of the Scd phase. Owing to a thinner
D" fast layer, SGHP produces an Scd arrival
later in time than that of SYL1 in the 70-84°
distance range, and moves the double arrival ef-
fect seen at 92° in the SYL1 synthetics, to around
98°. By smearing the Vg increase at the top of D”
into a gradient 100 km thick, as in model SGRD,
the amplitude of the Scd arrival is slightly re-
duced, especially at the tips of the Scd triplica-
tion branches, as seen at 74 and 98° (Fig. 2).
However, the S, ScS, and Scd SH waveforms and
travel times for model SGRD are almost identical
to that of model SGHP in the distance range
76-96°. In the following section, synthetics calcu-
lated for the appropriate distances and source
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depths are compared with the observations for
the three source-receiver geometries.

3. Data-set

Data samples are presented here from three
source—receiver geometries having raypaths that
traverse the central Pacific lower mantle: (1)
records from Fiji-Tonga events recorded at west
coast North American stations; (2) Java Sea,
Banda Sea, and Philippine Islands events
recorded at the central Pacific station KIP
(Kipapa, Hawaii); (3) Sea of Okhotsk and Sea of

- Japan events recorded at the southwest Pacific

station AFI (Afiamalu, Samoa). The event and
station information for data presented in this
section is given in Table 1. All events used are
deep focus except for two intermediate depth
events. The data used were recorded by LP
WWSSN and LP Benioff 1-90 seismometers of
the Caltech Network, which are both ideal in
frequency response for detecting the Scd seismic

TABLE 1

Event and station information of data used in this study

Event  Station A Az Instrument  Date Depth  Latitude Longitude M, Event region
code (deg) (deg) code? (mmddyy) (km)

F1 LON 78.4 342 LPWW 061584 247 —-15.82 -174.83 6.1  Fiji-Tonga

F2 COR 78.8 36.1 LPWW 042584 415 —17.31 -177.23 5.7 Fiji-Tonga

F3 BKS 78.8 423 LPWW 100781 620 —-20.75 —178.63 6.1  Fiji~-Tonga

F4 BKS 79.2 424 LPWW 082885 625 —-21.01 —178.98 6.2  Fiji-Tonga

F5 BKS 79.9 426 LPWW 062870 587 —21.66 —179.42 5.8  Fiji-Tonga

F6 PAS 79.9 475 B190 100967 605 -21.10 —179.18 6.2  Fiji-Tonga

F7 RVR 80.4 48.0 B190 100967 605 —-21.10 —179.18 6.2  Fiji-Tonga

F8 LON 80.9 350 LPWW 042584 415 -17.31 —-177.23 5.7  Fiji-Tonga

Fo BAR 81.3 482 B190 081267 144 —24.79 —177.38 6.0  Fiji-Tonga

F10 DAL 93.1° 567 LPWW 085263 557 —-17.58 —178.73 6.1  Fiji-Tonga

F11 DAL 959" 572 LPWW 022275 333 —23.98 —178.88 6.1  Fiji-Tonga
F12 DAL 96.1° 572 LPWW 012469 587 —21.87 —179.54 5.9 Fiji-Tonga

F13 DAL 97.4° 576 LPWW 032374 504 -23.93 179.88 6.0  Fiji-Tonga

K1 KIP 75.8 70.1 LPWW " 092073 560 9.05 123.79 6.0  Philippine Islands
K2 KIP 76.2 69.9 LPWW 030584 649 8.15 123.76 6.5  Philippine Islands
K3 KIP 79.7 66.8 LPWW 062282 450 —-7.34 126.04 6.8 Banda Sea

Al AFI 73.1 1425 LPWW 090570 580 52.23 151.43 6.2  Sea of Okhotsk
A2 AFI 72.9 142.6 LPWW 122175 554 51.94 151.58 6.4  Sea of Okhotsk
A3 AFI 75.5 121.3 LPWW 062975 560 38.76 129.99 6.5  Sea of Japan

# LPWW = long-period WWSSN seismometer; B190 = Benioff 1-90 seismometer.

® Adjusted to 500 km source depth.
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phase. The traces were optically scanned from turn requires gathering events as large as M, =
paper records, digitized, then rotated to the 6.8 to insure proper signal-to-noise ratio for these
source—receiver azimuth to obtain the natural two stations. With records from the larger deep
radial and longitudinal components. focus events often being more complex in wave-
The different source-receiver geometries and shape, the data presented for this region are
raypaths of data are presented in Fig. 3. The sparse. In investigating the eastern central Pacific
great circle raypaths are indicated by the dotted D" region of Fig. 3, the limiting factor in the data
lines, with the mid-points of the raypaths indi- selection process is that data at less than 78° in
cated by a shaded ellipse. The dimensions of the distance are unavailable. Distance profiles of data
ellipse minor and major axes on the Earth’s sur- are thus limited for this source—receiver azimuth
face are approximately 200 and 1000 km, respec- to distances greater than this minimum distance.
tively, and roughly 100 by 500 km at the depth of Because of these limitations, waveform modeling
the CMB. As the figure indicates, there are two results for this path geometry are less unique
primary CMB regions of study: a western central than those having an epicentral distance range
Pacific region sampled by the KIP and AFI data, available that also spans the smaller distances,
and an eastern central Pacific region sampled by such as path geometries of the other study areas
the North American data. In gathering AFI and in Fig. 1. Nevertheless, first-order model features
KIP analog LP WWSSN records for studying the may be addressed for this geometry.
western CMB region, a limiting factor is the low Data are first presented for the more abun-
gain of the instruments at both stations. This in dantly sampled eastern central Pacific D” region.
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Fig. 3. Events, stations and great circle ray paths (dotted lines) are plotted along with ellipses depicting the CMB mid-point regions
of the paths. The ellipses are accompanied with a letter—number code that corresponds to event and station information in Table 1.
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Figure 4 displays the North American SH obser-
vations of Fiji-Tonga events (top bold traces).
The traces are labeled with a letter—number code
that corresponds to Table 1 and Fig. 3 (F1 through
F9), and the epicentral distance and event source
depth are printed above each panel of traces.
Plotted along with the data are generalized ray
synthetics using models SGHP, SYL1, and
PREM. Synthetics from model SGRD are not
included in the figure because the SGHP and
SGRD synthetics fit the observations equally well.
The data and synthetics have been lined up on
the first arrival S-wave, and maximum amplitudes
have been normalized to unity. The data show
evidence for an arrival between S and ScS (de-
noted by a black dot), which is not predicted by
the smooth D” structure in PREM. Black dots
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also denote the Scd arrivals in the SGHP and
SYL1 synthetics. The observed differential times
of Scd-S are better modeled by the thinner D”
discontinuity in SGHP than that in SYL1 for this
path geometry. However, timing and amplitude
anomalies are present in Scd, as well as ScS,
indicating the shortcomings of trying to fit the
observations with a 1-D model for a region known
to be anomalous. For example, for the record F4,
the amplitude ratio of Scd/S is larger than the
synthetic for model SGHP, which best predicts
the differential time of Scd-S. However, for
record F5, the Scd /S ratio is larger in the SGHP
synthetics. Such amplitude variations may be an
indication of the scale length over which lower
mantle lateral variations occur. Also, records F8
and F9 display an anomalously large differential
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Fig. 4. SH data (top bold traces) and synthetics (models SGHP, SYL1 and PREM) comparison for the Fiji-Tonga data recorded at
North American stations. The data are labeled to correspond to information in Table 1. The epicentral distance and source depth

are printed above each panel. Black dots indicate the Scd arrival.
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travel time of ScS-S in comparison with the
synthetics. This may be owing to an anomalously
slow central Pacific lower mantle (as in Garnero
and Helmberger, 1993) and will be further dis-
cussed in the travel-times section of this paper.
Nevertheless, the relative timing of S, Scd, and
ScS in the observations presented in Fig. 4 are fit
in an average sense by model SGHP. The details
of model SGHP, however, are not well con-
strained. The gradients above and below the D”
discontinuity can affect the relative amplitude
ratios; as Fig. 2 indicates, we are unable to re-
solve such gradients with the LP data in the
intermediate distance range.

We have investigated Fiji-Tonga data at larger -

distances to look for the double arrival seen at
98° in the SGHP SH synthetics of Fig. 2. The SH
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data we reviewed do not show conclusive evi-
dence for a double arrival. However, there does
appear to be a broadening of the SH waveform
relative to SKS. Figure 5 shows a sample of the
data at the North American station DAL (Dallas,
Texas). Radial and tangential profiles are shown
for four events recorded at DAL (top row), and
for synthetics from models SGHP, SGRD, and
PREM (the following three rows). The data have
been adjusted to correspond to a 500 km source
depth to compare with synthetics. All maximum
amplitudes have been normalized to unity, and
traces are lined up on the SKS arrival. The radial
traces have been included because the disconti-
nuity models predict a double arrival in SV at
distances greater than 94°. The period of the
synthetics has been adjusted to fit the SKS obser-

79.7° h=450

Fig. 6. SH data (top bold traces) and synthetics (models SGHP, SYL1 and PREM) comparison for the southwest Pacific events
recorded at station KIP, and northwest Pacific events recorded at stations AFIL. The data are labeled to correspond to information

in Table 1.
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vations roughly, except for F10 which appears
anomalous. Note that simple models such as
PREM predict SH waveforms nearly identical to
the SKS observations except that they are in-
verted. The SH observations clearly display some
broadening relative to SKS. If this were due to
diffraction alone, the PREM SH synthetics should
predict this broadening effect. For a 500 km
source depth and the distance range presented in
Fig. 5, the contribution to S-wave broadening in
the PREM SH synthetics from diffraction is pre-
dicted to be negligible or non-existent. The SH
record F13 is best fit by SGHP. The DAL SV
data show complexities in the direct S-wave that
are not seen in the PREM synthetics. The. SGHP
and SGRD SV predictions are very similar, and
perhaps fit the data better than PREM. However,
the complicated SV observations may indicate the
difficulty encountered when attempting to model
these data with 1-D synthetics in a region where
the lower mantle is thought to be very anoma-
lous. There are other difficulties in the interpre-
tation of S-wave broadening being due to the
presence of an Scd phase. The broadening of ‘S
relative to SKS is common owing to greater atten-
uation effects on the longer path of S in the
mantle. Also, the spectrum of waves diffracted
along the CMB is modified differently depending
on the velocity gradient in D” (see, for example,
Doornbos and Mondt, 1979).

The S-SKS times for the mid-Pacific lower
mantle region are anomalously large (Garnero et
al., 1988; Garnero and Helmberger, 1993), as can
be seen in the DAL data when compared with
the synthetics in Fig. 5. Correcting the DAL
S-SKS time observations for the 3-D mantle
model of Su et al. (1992) produces S—SKS times
similar to the synthetic predictions. The 3-D
model S-SKS time corrections are indicated in
the DAL data panels of Fig. 5 by arrows denoting
the adjusted S times with respect to SKS.

Data from the two source-receiver geometries
used to study the western CMB region are pre-
sented in Fig. 6. The labeling and plotting con-
ventions are the same as in Fig. 4. The two SH
KIP records K1 and K2 are at ideal distances for
studying the Scd arrival. For these two records,
the timing of Scd is closest to the predictions of

SYL1. The timing of Scd for record K3 appears
closer to that of SGHP, but is ambiguous owing
to the complex Scd waveshape, which may be
related to the size of the source (M, = 6.8). Since
record K3 has a D” bounce point for Scd that is
around 800 km to the south of records K1 and
K2, lateral variations in D” thickness may be
contributing to the anomalous observation. Ob-
servations at station AFI from northwest Pacific
events are presented in Fig. 6 as A1 SV, Al SH,
A2, and A3. For Al SV and SH, model SYL1
produces the best fit of the three models, with
the Scd-S time for that model most closely
matching the observations. The SH records A2
and A3 are more complicated in waveshape but
still show strong evidence for an Scd arrival. The
A2 Scd-S time is closer to that of SYL1, though
A3 has a time intermediate to the predictions of
SYL1 and SGHP. The recordings Al, A2, and A3
are from relatively large events (M, = 6.2, 6.4,
and 6.5, respectively), which may be related to
the waveform complexities. More data are needed
to improve modeling of the western CMB region.
The data presented in Fig. 6 may ultimately be
better modeled by a D” layer with a thickness
closer to that of SYL1 (280 km). However, the
travel-time and waveform variations in our small
number of samples for this western region pre-
cludes any confident determination of D” layer
thickness.

4. Travel times and 3-D structure

The data in Fig. 4 suggest that the eastern
CMB region in this study (see Fig. 1) may be
better modeled by a D” layer about 180 km thick.
The data in Fig. 6, however, are less uniform
indicating that the western CMB region may be
too complicated to model with a 1-D structure. In
this section we present raw differential travel
times with respect to the 1-D structures SYL1
and SGHP, then correct the travel times for the
3-D mantle structure of Su et al. (1992).

The travel times of S, Scd, and ScS were
measured by a procedure similar to Grand and
Helmberger (1985): (1) line up the first arrival
S-wave of the observation and the appropriate
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synthetic seismogram; (2) pick the peak times of
the Scd and ScS phases for each of the observa-
tions and synthetics; (3) take the differences
Tops(Scd) — Tyyntu(Scd) and Topg(ScS) —
Tsyntr(ScS). Figure 7 presents the travel times of
the data with respect to SYL1 and SGHP predic-
tions (solid and dotted lines, respectively). All S
times have been lined up with that of SYL1 to
study the differential times. The observed times
have all been adjusted to correspond to a source
depth of 500 km. Different symbols are used
corresponding to the different paths of Fig. 3:
crosses for the Fiji—-Tonga data recorded in North
America; diamonds for the southwest Pacific
events recorded at KIP; circles for the northwest
Pacific events recorded at AFI. No corrections
for 3-D structure have been included in this fig-
ure. As seen in Fig. 4, the Scd-S times of the
Fiji-Tonga data are more compatible with SGHP.
The Scd-S times of the KIP and AFI data are
better predicted by SYL1. The ScS-S times of
the observations, however, are anomalous with
respect to the predictions and will be explored
below.

The 3-D mantle model of Su et al. (1992)
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data of Figs. 4 and 6, compared with predictions of SYL1
(solid lines) and SGHP (dotted lines). All S times have been
aligned with those of SYL1.
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(SH12_WM13) was used to make differential
travel-time predictions for Scd-S and ScS-S.
SH12_WM13 was shown to account for the gen-
eral long-wavelength behavior of anomalous S—
SKS times in the mid-Pacific (Garnero and Helm-
berger, 1993), and hence is utilized here in an
effort to subtract out 3-D mantle contributions to
the Scd-S and ScS-S differential travel times.
The model was parameterized.into 116 spherical
shells vertically (25 km thick each) and laterally
by blocks of dimension 2.5° X 2.5°, This grid is
then used to calculate travel-time anomalies for
laterally homogeneous raypaths of S, Scd, and
ScS. The resulting residuals were subtracted from
the observations and are presented in Fig. 8.

For the Fiji-Tonga data, model SH12_WM13
reduces the scatter in the Scd—S times and shifts
the ScS-S times so that they agree better with
predictions. Large travel-time anomalies are still
present after correction, which may indicate the
presence of anomalies of wavelength smaller than
those presently resolvable by tomographic mod-
els. For the AFI and KIP data, after SH12_ WM13
corrections, the Scd-S times reduce to about 2.5
s less than that of SYL1, and the ScS-S times on
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average are about 5.5 s less than SYL1 predic-
tions. With such few data, these times will not be
used to infer a structure. However, it is interest-
ing to note that a D” layer thicker than that of
SYL1 will reduce both the Scd-S and ScS-S
times. A change in the ¥ gradient in D” of
SYL1 from its present negative value to zero will
also cause a reduction in the ScS-S time by 2.6 s
(at 80°). Therefore a faster and thicker D” layer
would do better at predicting these times. Alter-
natively, an upper mantle that is slower than
SH12_WM13 will slow down S-waves relative to
Scd and ScS, reducing Scd-S and ScS-S times,
thus better predicting the observations. More data
(analog and digital) for this region are necessary
to help identify the travel-time trends. Absolute
timing information can then be used to help
resolve the anomalies.

5. Discussion

As summarized by Gaherty and Lay (1992),
many seismic structure scenarios can produce ar-
rivals between S and ScS in the distance range
75-82° which may be misinterpreted as Scd ar-
rivals. One case is that of slab diffraction dis-
cussed by Cormier (1989). Slab diffraction pro-
duces a double arrival from multipathing effects.
Paths to the North American stations from the
Tonga trench spend very little time in the slab,
since the slab dips towards the west, striking
around N15°E, and raypaths depart easterly from
the underside of the slab. The azimuth range
(relative to slab strike) of stations used here is
such that slab effects are predicted to be absent
(or small) (Cormier, 1989). The same path geom-
etry in relationship to the slab orientation should
be true for the three northwest Pacific events
recorded at station AFI, and recordings K1 and
K2 recorded at KIP. Record K3, however, has a
path geometry that may be affected by slab multi-
pathing. It has a complex Scd waveform and
therefore was not used in the travel-time analysis.

Another scenario is that proposed by Haddon
and Buchbinder (1987), whereby S-waves are
scattered by 3-D heterogeneities at the base of
the mantle, producing another arrival. Such phe-

nomena may exist for this central-Pacific D” re-
gion. However, for our dataset, the arrival we
interpret as Scd has moveout as expected for a
triplication arrival, and is observed with some
regularity at the west coast United States stations
for the Fiji—-Tonga events. Deep mantle hetero-
geneities may be responsible for the variabilities
seen in the observations from station to station,
as well as small-scale scatter for this study area
(see Garnero and Helmberger, 1993). It is our
interpretation that the seismic arrival observed
between S and ScS in the 78-82° distance range
is most easily explained by a discontinuity in V
at the top of D”.

The region slightly to the west, northwest, and
southwest of our western CMB region was inves-
tigated by Revenaugh and Jordan (1991), where
they reported that only five of their 18 source-re-
ceiver geometries support a lower mantle Vg dis-
continuity from a reverberation analysis of close-
distance, SH-polarized multiple ScS waves. Their
finding can be compatible with a ubiquitous D"
discontinuity in the region if the vertical dimen-
sion over which the jump in V§ occurs at the top
of D” is smeared over 50-100 km. This dimen-
sion would obscure evidence of the Scd arrival at
near vertical incidence, as well as at the smallest
(70-75°) and largest (near 92° for a 280 km thick
D”) distances where Scd is routinely identified in
studies that involve wide angles of incidence to
D”. This feature, however, will still produce an
Scd arrival in the 75-80° distance range. Reve-
naugh and Jordan (1991) reported that the five
paths showing evidence for a D” discontinuity are
accompanied by different D” thicknesses, from
270 to 340 km (425 km). Perhaps the complexi-
ties in the data of Fig. 6 are related to such a
variable D” layer. Lateral variation in D” thick-
ness relates to many other disciplines of deep
Earth study, and directly relates to studies con-
cerned with D” as a ‘reservoir’ for old slabs, or
reaction products from chemical reactions be-
tween the liquid outer core and the crystalline
silicates of the lowermost mantle (e.g. Knittle and
Jeanloz, 1991). The preliminary finding here is
that D” thickness may vary by as much as 150 km
between two distinctly different regions (e.g. see
models SLHE and SGHP). This is larger than
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previously noted for regions where D” disconti-
nuities have been proposed.

Several different factors may contribute to un-
certainties in the travel-time measurements. For
example, a 50 km error in source depth will result
in an approximately 0.5 s error in both Scd-S and
ScS-S. Travel-time picking errors may be as large
as +1.5 s for complicated records. Compounding
these errors to obtain a +2 s error bound on the
differential travel-time measurements does not
change our basic conclusions about lateral varia-
tions in D” thickness beneath the mid-Pacific.
CMB topography will affect the ScS times, which
are not used here to infer D” thickness.

6. Conclusions

In this study, we present preliminary evidence
for a D” discontinuity in Vg for two different
regions beneath the central Pacific. The 3-D
mantle model of Su et al. (1992) was used to
correct the Scd-S and ScS-S differential travel
times in an effort to isolate contributions to these
times from D” structure. Data traversing the
CMB region to the east are best modeled by a D”
discontinuity around 180 km above the CMB.
The data from the western region have significant
scatter, precluding a confident estimate of a D”
layer thickness, though ultimately they may be
better modeled by a D” layer having a thickness
closer to that of SYL1. The gradients above and
below the D” discontinuity, as well as the depth
range over which the V increase at the top of
the D” discontinuity occurs, are not resolvable
with the LP data. Future studies involving larger
datasets, along with broadband data, may help to
resolve such issues, as well as the lateral extent of
such structures.
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